Summary. T lymphocyte subsets in peripheral blood from 11 newly diagnosed Type 1 (insulin-dependent) diabetic patients were studied prospectively at three time intervals: as soon as possible after diagnosis, 3 weeks and 5 months later. Lymphocytes were marked with monoclonal OKT antibodies and examined in a fluorescence-activated cell sorter. The percentage of T lymphocytes (OKT 3) did not change significantly at the three study times. The percentage of helper/inducer T cells (OKT 4) was high the first week after diagnosis, but decreased at the 5-month examination (p< 0.05). The percentage of suppressor/cytotoxic T cells (OKT 8) was low at diagnosis but increased at 3 weeks (p< 0.02) and 5 months (p< 0.01). The ratio OKT 4/OKT 8 lymphocytes was 2.28 at diagnosis, decreasing to 1.77 at 3 weeks and 1.87 at 5 months, compared with 1.46 for 16 age-matched control subjects. There was no significant change in the absolute number of lymphocytes. It is concluded that the distribution of T cell subsets was abnormal at the time of diagnosis, but changed towards normal within a few weeks, after which there was no significant change at 5 months. It is as yet unknown whether the high proportion of helper/inducer T cells and/or the low percentage of suppressor/cytotoxic T cells at diagnosis favour immune reactions involved in the pathogenesis of Type 1 diabetes.
This study concerns cells deriving from the thymus-dependent immune system in patients with Type 1 (insulin-dependent) diabetes. This part of the immune system has been implicated as an important pathogenetic factor in the development of Type 1 diabetes. By comparison with the normal mouse, the athymic (nude) mouse either does not become diabetic, or becomes much less severely diabetic, when exposed to the encephalomyocarditis virus [1] [2] [3] or low dose streptozotocin [4] [5] [6] . If anti-lymphocyte serum is given to spontaneously diabetic BB/W rats, these animals do not develop diabetes [7] . In patients with Type 1 diabetes, different antibodies against islet cells and/or beta cells have been found [8, 9] , as have abnormal K cell levels [10] , and abnormal suppressor cell activities [11] . Studies in vitro have shown that beta cells can be destroyed or their insulin secretion inhibited by administration of immunoglobulins or lymphocytes from Type 1 diabetic patients [12] [13] [14] . Immunological studies and, in particular, studies of the thymus-dependent system, therefore, seem relevant. Monoclonal antibodies allow separation of T cells into subpopulations, which, in turn, allows more precise study of the T cell distribution in different patient groups. In a previous study we have found that Type 1 diabetic patients display reduced numbers of suppressor/cytotoxic cells [15] .
The aim of the present study was to conduct prospective examinations in patients with newly developed Type 1 diabetes to determine whether changes occur in the distribution of T cell subsets during the first months of disease from diagnosis to the remission period. Peripheral blood lymphocytes were studied in a fluorescence-activated cell sorter as soon as possible after diagnosis, after approximately 3 weeks of insulin treatment and finally after about 5 months, when Type 1 diabetic patients are usually in a relatively stable metabolic state.
Materials and Methods

Patients
Eleven patients with Type I diabetes were studied (eight men and three women of average age 26 + 3 years; range: 14-39 years). Clinical diagnosis of Type I diabetes rested on the following criteria: random blood glucose concentration > 12 retool/l, significant ketonuria (~> + +with Ketostix, Ames, Bridgend, UK) and glycosuria. Insulin treatment was started on the day of diagnosis and all patients have since continued with this treatment. The T cell subsets were examined on three occasions. The first examination was carried out within the first week (five patients, mean 4 + 1 days) or in the second week (six patients, mean 12 + 1 days) after diagnosis. The second examination took place on average 21 +2 days after starting insulin treatment (3 week study). The third examination was performed on average 158 + 9 days after diagnosis (5 month study). All patients participated in the first and third study, seven in the second.
Control Subjects
The control group comprised eight men and eight women, all healthy without known allergies and without a family history of Type I diabetes. The average age was 25 _+ 1 years (range 16-35 years).
T Cell Preparation and Analys&
Peripheral blood lymphocytes were isolated by centrifugation on Ficoll-Hypaque (Nyegaard, Oslo, Norway) ad modum B6yum [16] and the cell concentration adjusted to 5 • 10 6 cells/ml in RPMI medium 1640 (Gibco, Paisley, UK) +5% newborn calf serum. Cell suspensions (200 ~tl) were incubated on ice for 30 rain with 5 ul OKT antibody (Ortho Pharmaceuticals, Raritan, New Jersey, USA). After washing, 100 ul FITC-labelled goat anti-mouse IgG antibody (Nordic Immunological Laboratories, Tilburg, The Netherlands), diluted 1: 30, was added to 100 ~tl of cell suspension and incubated on ice for 30 rain. The cells were then washed and resuspended in phosphate buffered saline (1 ml) containing 3 mmol EDTA. Cytofluorographic analysis of cell populations was performed on a fluorescence-activated cell sorter (FACS-III, Becton-Dickinson, Mountain View, California, USA). Only cells of a size corresponding to the lymphocyte population were analysed for fluorescence. For each monoclonal antibody investigated at least 50000 cells were examined. The background fluorescence profile determined after incubation with the fluoresceinconjugated goat anti-mouse IgG antibody only, was subtracted from the fluorescence profile detected with the monoclonal antibodies. The results were expressed as the percentage positive cells of the total number of cells counted. The following monoclonal antibodies were employed: OKT 3, OKT 4 and OKT 8, described to label all peripheral T lymphocytes, helper/inducer T cells and suppressor/cytotoxic T cells, respectively [17] . The OKT antibodies were obtained by fusion of non-secreting myeloma cells with spleen cells from mice immunized with human peripheral T cells or thymocytes [18] . The absolute number of lymphocytes per mm 3 was obtained by counting the total amount of leucocytes per mm 3 followed by a differential count.
Beta Cell Function
Beta cell function was evaluated by measuring C-peptide after the patients had fasted overnight. Blood samples were taken from a peripheral vein 6 min after IV injection of 1 mg of glucagon [19] . C-peptide concentrations were determined by the method of Heding, employing the antiserum M 1230 [20] .
Statistical Analyses
Data are presented as mean_+ SEM. The significance of differences was evaluated by application of the Wilcoxon matched-pairs signedranks test or the Mann-Whitney U-test. The Spearman's rank correlation test was used for the calculation of the coefficient of correlation. The level of type I error (2 a) was set at 0.05.
Results
The number of OKT 3 antibody labelled cells (T lymphocytes) from the individual patients is recorded in Table 1 as a percentage of the total amount of lymphocytes in peripheral blood. At the first study, the mean percentage was 72.2_+ 2.6%, at the second 72.3 + 2.5%, and at the third 70.2_+ 2.3%. There were no significant differences within the patient group, nor by comparison with healthy control subjects (72.2 + 1.4%).
OKT 4 marked lymphocytes (Table 1) , reflecting the helper/inducer cell fraction, comprised 47.3 _+ 2.4% of all lymphocytes at diagnosis, falling to 43.3 + 1.7% at the second study and 44.1 + 2.6% (p< 0.05) at the third study. Patients studied within 1 week of the start of insulin treatment displayed higher values (53.4___ 2.1%) than patients studied between 1 and 2 weeks after diagnosis (42.1 + 2.5%, p< 0.02). It is unknown whether a statistically insignificant higher average age in the former group in comparison with the latter (30 + 3 versus 22 + 3 years, p> 0.10) is of importance in interpreting the difference in the percentage of OKT 4 lymphocytes [21] . Only the diagnosis value in patients studied within 1 week was significantly higher than the value in the control group (41.0 + 1.8%, p< 0.005). (Table 1) reflecting the suppressor/cytotoxic cell fraction averaged 21.6 + 1.3% at the diagnosis study, increasing to 25.9 _+ 2.2% at the second study (p<0.02) and 24.2_+1.1% at the third study (p< 0.01). Both the diagnosis and the 5 month values were significantly lower than in the control group 29.5 + 1.3 % (p < 0.001, and p < 0.01, respectively).
The ratio between OKT4 and OKT8 marked lymphocytes is shown in Figure 1 . The mean value at diagnosis was 2.28 + 0.20, falling to 1.77 + 0.19 at the second study (p<0.05), and 1.87_+0.17 at the 5-month study (p<0.001). The ratio fell between the diagnosis study and the second study in six of seven patients, but in all 11patients between the diagnosis and the 5month studies. The diagnosis value was significantly higher than in the control group (1.46_+0.11, p<0.002). The absolute numbers of lymphocytes/mm 3 blood were 2.1 +0.2 x 103, 2.8+0.5 x 103, and 2.7_+0.2 x 103, at the diagnosis and the second and third studies, respectively.
There were no significant differences between these values. Table 2 shows the clinical data at the time of the three studies. The mean C-peptide values showed no significant differences between the examinations at diagnosis, after 3 weeks and after 5 months. Thus, beta cell function seems to have been stable over the period of the study. Also, insulin dosage was not significantly different at the three study times. Finally, average glucose excretion and mean blood glucose values showed no significant differences at the three examinations. No significant correlations were found between the percentage values of the different T cell fractions, the ratio between OKT4 and OKT8 lymphocytes on the one hand and the recorded diabetological data on the other.
Discussion
This study has shown that the distribution of T cell subsets, identified by monoclonal OKT (4 and 8) antibodies, was abnormal at the time of diagnosis of Type 1 diabetes, but thereafter tended to change towards normal. This change, the fall in the helper/inducer T cell fraction and an increase in the suppressor/cytotoxic T cell fraction, apparently occurred within a few weeks, after which there was no alteration up to 5 months.
The OKT antibody marked lymphocytes were counted in a fluorescence-activated cell sorter, which allows a high degree of accuracy. Very large numbers of cells are counted, background fluorescence is compensated, and the investigated cell population is defined precisely by light scatter and fluorescence settings. To calculate the percentage of lymphocytes positive to the respective antibodies, the fluorescence-activated cell sorter was gated to analyse only the lymphocyte population, which means that red blood cells, the majority of monocytes and granulocytes, isolated together with lymphocytes by the Ficoll-Hypaque centrifugation, as well as dead cells, were excluded. By this procedure, few large lymphocytes of a size corresponding to the majority of monocytes (the monocyte population) were not analysed. The importance of this is assumed to be negligible to the present type of quantitative study, and accordingly, this gating procedure is commonly used [21,221.
Based on functional studies using purified populations of the respective cell subset, it has been described that OKT 4 antibody labels for helper/inducer T cells and OKT 8 for suppressor/cytotoxic T cells [17] . These specificities have been established through a number of studies and are commonly accepted [23] . Recently, it has been shown that a fraction of pokeweed mitogen-activated OKT 4 positive T cells contains both helper and suppressor activity [24] , and it seems likely that further research, e.g. with newly developed antibodies, will reveal additional functional subpopulations in the OKT 4 and OKT 8 positive T cell subsets. Such investigations may lead to a more detailed understanding of the presently shown alterations in the major T lymphocyte subsets in Type 1 diabetes.
Lymphocytes from patients with other diseases with suspected immune system involvement have been studied also by means of OKT antibodies [25] , e.g. multiple sclerosis, where the OKT4/OKT 8 lymphocyte ratio was found to be increased with reference to a healthy control group. The increase was greatest at times of exacerbation, which may indicate a positive correlation between OKT4/OKT8 ratios and disease activity [26] . Similarly, in this study of Type 1 diabetes, we found OKT4/OKT 8 ratios were most elevated at the time of diagnosis, failing significantly thereafter at the 3-week and 5-month studies. It is difficult to document, but it is reasonable to assume that marked destruction of the beta cell mass occurs in the period before diagnosis. Judging from the stable beta cell function after diagnosis which continues in the remission period, disease activity appears to be limited during that span of time. In this connection, it should be noted also that islet cell antibodies are more often found at the time of diagnosis than subsequently [27] .
It is possible that the degree of metabolic control can influence the distribution of T cell subsets. However, no significant differences were found in the glycosuria and fasting blood glucose values at the different study times. In an earlier study of suppressor cell activity related to the efficiency of glycaemic control, it was found that great improvement of control had no effect on suppressor cell function during a period of a few weeks [28] .
Concerning the suppressor T lymphocytes included in the fraction of OKT 8 cells, some functional studies of suppressor cell activity have been made in Type 1 diabetic patients. Horowitz et al. [29] , Buschard et al. in newly diagnosed patients [11] , Ledermann et al. [30] , and Fairchild et al. [31] , have all found reduced suppressor cell activity, while Slater et al. [32] found normal or slightly increased activity in patients with disease duration of 2 or more years. In a previous prospective study, we found that a reduced suppressor cell activity at the time of diagnosis improved significantly at examination approximately 5 months later [33] , in good accordance with the findings in this present study.
The helper/inducer (OKT 4) fraction of the T lymphocytes was increased at the time of diagnosis in comparison with the 5-month study. It is as yet unknown whether the high amount of helper/inducer T cells and/or the low percentage of suppressor/cytotoxic T cells at diagnosis favour immune reactions involved in the pathogenesis of Type 1 diabetes.
